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METHODS FOR TREATING INTERLSUKIN-6 RELATED DISEASES 



BACKGROUND OF INVENTION 
5 1. Field of the Invention 

The present invention relates to methods for 
the treatment of interleukin-6 (IL-6) related diseases by 
the combination of an interleukin-6 antagonist (IL-6 
antagonist) , particularly an antibody against 
10 interleukin-6 receptor (IL-6R) (anti-IL-6R antibody) with 
immunosuppressants and by administering the anti-IL-6R 
antibody at a high dose. 
2. Related Art 

iX*-6 is a cytokine also termed B cell 
15 stimulating faotor-2 (BSF2 ) or interferon p2. IL-6 was 
discovered as a differentiation factor involved in 
activation of B lymphocyte lineage cells (Hirano, T. et 
al., Nature, 324 ;73-76, 1986), and after then it has been 
demonstrated that IL-6 is the multifunctional cytokine 
20 which affects functions of various cells (Akira r S. et 
al./ Adv. in Immunology, 54:1-78, 1993). It has been 
reported that IL-6 induces maturation of T' lymphocyte 
lineage cells (Lotz, M, et ah, J, Exp; Med. ,167: 1253- 
1258, 1988). 

25 XL-6 transmits its biological activity via two 

types of protein on cells. One is XL- 6 receptor which is 
a ligand binding protein with molecular weight of about 
80 kD, to which IL-6 binds (Taga, T. et al,, J. Exp. 
Hed., 166:967-981, 1987? YamasaJci, K. et al., Science,. 

30 241:825-828, 1987). IL-6 receptor also occurs as soluble 
IL-6 receptor mainly composed of its extracellular 
region, in addition to a membrane binding type which 
penetrates through cell membrane and expresses on the 
cell membrane. 

35 international publication WO 92/19759 describes 

various types of anti~lL~6R antibodies such as humanized 
anti-IL-6R antibodies and chimeric anti-IL-6R antibodies. 
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WO 96/11020 describes the therapeutic agent for 
rheumatoid arthritis and the inhibitor of synovial cell 
growth of which primary ingredient is 1L-6 antagonist 

SUCh as anti -«-6* -antibody, wo 96/12503 describes- the 

treatment of diseases attributed to IL-6 production,- such 
as plasmacytosis, hyper immunoglobulinemia, anemia, 
nephritis, cachexia, rheumatoid arthritis, Castleman's 
disease, and mesangial proliferative nephritis, wo 
98/42377 describes protective/therapeutic agents of 
sensxti 2 ed T cell related diseases such as multiple 
sclerosis, uveitis, chronic thyroiditis, delayed 
hypersensitivity, contact dermatitis and atopic 
dermatitis, of which active ingredient is anti-i L - 6 R 
antibody. 

W0S6/42377 describee therapetltlc 
systeurc erythematosus, of which aerive ingtedie ^ t u 
anti-IL-fiR antrbcdy. TO9 »,« 7170 describas th6 „ tte 
agents of Crohn- s disease, of which active ingredlenT^ 
Mtl - lt - 6R «°00/ 106 07 describes the tnerCutlc 

agents of pancreatitis, of Which active indent !" 
anti-lL-t* antibody. HO02/3492 describes the therapeutic 
agents of psoriasis, of which active ingredienHs anw 
X£«* antibody. Additionaxly, woo 2 ,oao 969 Ss^s ^ 

vhtch^l a9SDt8 ° f 3UVSnile idi <«= arthritis, of 
whrch active ingredient is a n ti-H,-6R antibody 

SUMMhRT OP JHVEHTION 

as described above, various preventive or 
therapeutic agents of which active ingredient is unti-n. 
SK antibody have been Known. However, it haT not been 
known that synergistic effects can be obtained by Z 
cognation of anti-xt-.^ antibody with 

ismunoeuppressanta such ss methotrexate (MTX) in the 

treatment of IL-6 rel en-«j *a • % 1 xn tM 

=. .. ^ related diseases, the immunosuporessant 

such as methotrexate (Mix) can rednce or prevent^ler^ 
reactions upon the treatment of rheumatoi™^ ^ 

" ™ Mtib ^' ~0 »* anti- It - 6R ant^r." I 
high dose can recuce or prevent aller9lc * 



the treatment- of rheumatoid arthritis with anti-iL-6R 
antibody. . 

Therefore , the present invention provides a 
pharmaceutical composition for the treatment of IL-6 
related disease, comprising an interleukin^6 antagonist 
(IL-6 antagonist-) and immunosuppressants. 

The invention also provides a pharmaceutical 
composition comprising immunosuppressants, :for the effect 
enhancement on the use of an IL-6 antagonist for the 
treatment of IL-6 related disease* 

The invention also provides a pharmaceutical 
composition comprising immunosuppressants,, for the 
prevention or redaction of allergic reactions upon the 
treatment of XL- 6 related diseases with the il-6 
antagonist* 

The invention further provides a therapeutic agent 
for related diseases to administer at a high dose, 

comprising an IL-6 antagonist. 

The invention further provides a pharmaceutical 
composition comprising an IL-6 antagonist at a high dose, 
for the prevention or reduction of allergic reactions 
upon the treatment of IL-6 related diseases. 

The IL-6 antagonist is preferably an anti-it-6R 
antibody. The anti-rL-6R antibody is preferably a 
monoclonal antibody against IL-6R. Prefer ably , the anti- 
IL-6R antibody is the monoclonal antibody against human 
IL-6R. Or, preferably, the anti-lL-6R antibody is the 
monoclonal antibody against mouse IL-6R. Preferably, the 
anti-IL-6R antibody is a recombinant type antibody. 
Preferably , the human anti-lL-6R monoclonal antibody is, 
for exeunple, antibody- Preferably, the mouse anti- 

IL-6R monoclonal antibody is, for example, MR16-1 
antibody. The antibody may be further a chimeric 
antibody, a humanized antibody or a human antibody 
against IL-6R- Specific preferable anti-lL-6R antibody 
is, for example, humanized PM-l antibody. 

when combining the il-6 antagonist, particularly the 
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dosage of the xw antagonist, particularly the anti-lL- 

I 'n f ° r eXSmPle ' in — «* Ravenous 
xnfusn.cn, from 0.02 to 150 mg/kg/4 weeks cr the dosage 

showxng an anti-IL-6 R antibcdy concentration in blood 
equivalent tBaret67 -preferably from 0.5^0 -30^/^/4 
weeks or the dosage showing the anti-tL~6R antibody 
concentration in blood equivalent thereto, and more 
preferably from 2 to 8 mg/kg/4 weeks or the dosage 
showing the anti-iL-6* antibody concentration in blood 
equivalent thereto. 

When administering the !L- 6 antagonist, particularly 
the anti-XL-6* antibody at a high dose, the dosage of "he 
XL-6 antagonist, particularly the anti-n,. 6R antibody i Sf 
for example, in the case of intravenous infusion, not 
less than 4 mg/kg/4 weeks or the dosage showing the anti- 
IL-6R antibody concentration in blood equivalent thereto 
preferably from 6 to 16 mg/ k g/ 4 weeks or\he dosage 
showing an anti-XL~6R antibody concentration in blood 
equivalent thereto, and more preferably from 6 to 10 
ang/kg/4 weeks or *he dosage showing the anti-n,-^ 
antibody concentration in blood equivalent thereto. 

When mtx is used as the immunosuppressant, the 
dosage of MTX is, for example, from'! to 100 

bSf 6ekS d ° Sage Sh ° Wing the MIX concentration 

xn blood equivalent thereto, preferably from 4 to 50 

mg/body/veek or the dosage showing the mtx concentration 

in blood equivalent thereto, and particularly preferably 

fro, 10 to 25 mg/body/weeks or the dosage shLing the ^TX 

concentration in blood equivalent thereto 

^.•xT t°** 9 * SbWing the drug anti-i L -6R 
antibody MTX ) concentration in blood means a dosage 
giving an equivalent therapeutic effect, and even when 
the transition of the concentration in Wood vlrief 
according to the administration method such as 
intravenous injection and subcutaneous injection it is 
regarded as the dosage showing the drug (e^t^a 



antibody or MTX) concentration in blood so long as the 
therapeutic effect is equivalent. 

Examples of the IL-6 related diseases include, 

Acute chronic inf lammatory diseases and autoimmune 
diseases: nephritis, mesangial proliferative nephritis , 
Crohn's disease, ulcerative colitis, pancreatitis, 
juvenile idiopathic arthritis or systemic juvenile 
idiopathic arthritis , vasculitis, Kawasaki disease, 
rheumatoid arthritis, systemic erythematosus, psoriasis, 
Sjogren syndrome, adult Still's disease; 

neoplasmic diseases: multiple myeloma, Castleman's 
disease, malignant lymphoma, renal cancer; 

infectious diseases: infection with HIV, infection 
with EBV; 

c achexia i cachexia 

others: plasmacytosis, hyperiromunoglobulinemia, 
anemia and so on, and are preferably rheumatoid 
arthritis, plasmacytosis , hyperijitmunoglobulinemia, 
anemia, nephritis, cachexia, multiple myeloma, 
Castleman's disease, mesangial proliferative nephritis, 
systemic erythematosus, Crohn's disease, pancreatitis, 
psoriasis, juvenile idiopathia arthritis or systemic 
juvenile idiopathic arthritis. 

The pharmaceutical composition of the invention can 
be administered orally or parenterally and systemically 
or topically. For instance, intravenous injection such as 
drip infusion/ intramuscular injection, intraperitoneal 
injection, subcutaneous injeotion, suppository, colonic 
injection, oral enteric coating drug and the like can be 
selected, and the administration method can be 
appropriately selected depending on a- age and condition 
of a patient. The upper and lover liaiits of the actual 
dosage are affected by the frequency of administration, 
for example, the dosage per dose increases in the case of 
long administration interval whereas it decreases in the 
case of short administration interval - 

For the preferable dosage and administration method 



of the anti-iL-6 receptor antibody, for instance, the 
amount at an extent as the free antibody exists in blood 
is the effective dosage. As specific examples, there are 
methods to administer dividing one to several times, for 
example, according to an administration schedule of twice 
/week, once/week once/ "two weeks , once/4 weeks , once/6 
weeks, once/ 8 weeks and the like by the method of 
intravenous injection such as drip infusion and 
subcutaneous injection. The administration schedule can 
be adjusted such as extending the administration interval 
from twice/week or once/week to once/2 weeks, once/3 
weeks, once/4 weeks, once/6 weeks and once/8 weeks with 
observing the disease condition and changes of laboratory 
data in blood. 

when administered in combination with 'mix, the 
dosage of the anti-lL-6R antibody is typically, for 
example, in the case of the rheumatoid arthritis 
treatment, the dosage more than 0.5 mg/kg per week or the 
dosage showing an equivalent or more anti-rheumatic 
effect. For instance, when the intravenous administration 
is carried out once four weeks, the dosage is from 0.02 
to 150 mg/kg, preferably from 0.5 to 30 mg/kg, and more 
preferably from 2 to 8 mg/kg. 

The anti-iL-€R antibody and the immunosuppressant 
are administered simultaneously or with a time interval. 

The immunosuppressants also encompass anti-rheumatic 
agents, adrenocortical hormone agents and the like, and 
include, for example, the following drugs. 
a. immunosuppressants, antirheumatic agents, 
adrenocortical hormone agents 
Immunosuppressants 

Alkylating agents 

Cyclophosphamide 
Metabolic antagonists 

Asathioprine, methotrexate, misoribine 
t cell activity inhibitors 

Cyclosporins, tacrolimus 
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Anti-rheumatic agents: 

Hydroxychloroquine, sulfasalazine , leflunomide, 
etanercept/ infliximab, adalimuxnab, D-penicillamine, oral 
gold compound , injectable gold compound (intramuscular 
5 injection), minocycline, sodium gold thiomalate, 

auranofin, D-penicill amine, lobenzarit, bucillamine, 
actarit; 

Adrenocortical hormone agents: 
Cortisone , hydrocortisones 
10 Cortisone acetate, hydrocortisone, 

hydrocortisone sodium phosphate, hydrocortisone 
sodium succinate, fludrocortisone acetate 
Prednisolone, prednisolones 

Prednisolone, prednisolone sodium succinate, 
15 prednisolone sodium phosphate, halopredone 

acetate 
Methyl prednisolones 

Methyl prednisolone, methyl prednisolone 
acetate, methyl prednisolone sodium succinate 
2 0 Triamcinolones 

Triamcinolone, triamcinolone acetate, 
triamcinolone actinide 
Dexamethasone© 

Dexamethasone, dexamethasone acetate, 
25 dexamethasone sodium phosphate, dexamethasone 

palmitate 
Betamethasones 

Betamethasone (betamethasone sodium phosphate) , 
betamethasone, betamethasone sodium phosphate 
30 Paramethasones 

Paramethasone acetate 
The dosage of the immunosuppressant is, for example 
when MTX is combined for the rheumatoid arthritis 
treatment, for example in the case of orally 
35 administering, from 1 to 100 mg/body per week, preferably 
from 4 to SO mg, and more preferably from 7,5 to 25 
mg/body. 



* 
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Also, a high dosage of the anti-IL-6R antibody means 
the dosage capable of preventing or reducing the allergic 
reaction, which is equal to or more than a minimum dosage 
effective for the treatment of 11,-6 related diseases. For 
ins tance 7 in -the rheumatoid arthritis -treatment , when " 
intravenous drip fusion is administered every four weeks, 
the dosage includes 4 mg/kg or more, preferably from 6 to 
16 mg/kg, and more preferably from 6 to 10 mg/kg. 

The above administration method, interval, and 
dosage are exemplifications of preferable examples, and 
the . administration method, interval, and dosage which 
show similar therapeutic effects can be appropriately 
selected. For instance, it is possible to select the 
administration method, interval, and dosage which show 
the similar effects to those of the above preferable 
examples by measuring the concentrations of various 
medicines in blood. The invention includes the 
administration method, interval, and dosage which achieve 
the equivalent concentrations in blood, to those of the 
above examples. 

MODE FOR CARRYING OUT THE INVEST! ON 

The 11,-6 antagonist used in the invention may be 
used wi*b°ut regard to its origin, type and form as long 
as a.t exhibits the preventive or therapeutic effect on 
IL-6 related diseases. 

The il-6 antagonists are substances which inhibit 
biological activity of il-6. The IL-6 antagonists axe 
preferably the substances having an inhibitory effect on 
the binding to either xl_6, IL -6r or gp 13 0. The 11-6 
antagonists include anti-lL-6 antibody, anti-XL-6R 
antibody, anti-gpi 3 o antibody, modified IL-6, modified 
soluble 11.-6R, or partial peptides of il-6 or IL-6R, as 
well as low molecular substances which exhibit the 
similar activity thereto, 

n**» T T« anti - IL -* anti * od * **** to the invention can be 

ToTtt II P °T 10nal " antibody using means 

Known in the art. A3 the ant^-Tr « 

x«e anxx-x&-6 antxbody used in the 
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invention, the monoclonal antibody derived from mammalian 
animals is preferable. The monoclonal antibodies derived 
from mammalian animals include those in produced 
hybridomas , and those produced in host cells transformed 
5 with expression vector containing the antibody gene by 
gene engineering technique- This antibody inhibits the 
binding of IL-6 to xl-6 receptor by binding to IL-6 to 
block signaling of il-6 biological activity into cells - 
Such antibodies include MB166 (Matsuda, T. et al-, 
10 Eur* J. Immunol 18:951-956, 1988) and SK2 (Sato, X- et 
al. r The 21st proceedings of the Japanese Society for 
Immunology , 21*166, 1991) * 

Hybridomas producing the anti-lL-6 antibody can be 
made basically using the technology known in the art as 
15 follows. That is, the hybridomas can be made by 

performing immunization using XL-6 as a sensitized 
antigen according to the standard immunisation method, 
fusing the resultant immunized cells to parent cells 
known in the art by the standard cell fusion method, and 
20 screening cells producing the monoclonal antibody by the 
standard screening method. 

Specifically, the anti-XL-6 antibody : can be made as 
follows. For instance, human IL-6 used as the sensitized 
antigen to obtain the antibody can be obtained using the 
25 genel amino acid sequence of IL-6 disclosed in Eur. 

J.Biochem. , 168*5*3-55-0/ 1987; J. Immunol;, 140:1534- 
1541/ 198B? or Agr. Biol. Cheiiu, 54:2685-2688, 1990. 

The gene sequence of IL-6 is inserted into the 
expression vector known in the art, which transforms 
30 appropriate host cells, subsequently, the target IL-6 
protein is purified from the cells or the,' culture 
supernatant by the method known in the art, and the 
purified XL-6 protein can be used as the sensitized 
antigen- Also, the fusion protein of the rc-6 protein 
35 with the other protein may be used as the sensitized 
antigen * 

The anti-iL-6 receptor antibody used in the 



invention can be obtained as polyclonal or monoclonal 
antibody using means Xnown in the art. as the anti-LL-6 
receptor antibody used in the invention, the monoclonal 
antibody derived from mammalian animals is preferable 
- The- monoclonal- antibodies ^x^tx^-^^ii^ animals 
xnclude those in produced hybridomas, and those produced 
in host cells transformed with expression vector 
containing the antibody gene by gene engineering 
technique. This antibody inhibits the binding of IL-6 to 
XL-6 receptor by binding to 11,-6 receptor to block 
signaling of xl-6 biological activity into cells 

Such antibodies include MR16-1 antibody (Tamura, T. 
et al., Proc. Natl. Acad. sci. USA, 90, 11924-11928, 

ril lLT: 1 Sm * ib0dy (HiratS ' y " 6t al - J ' I-uunol., 
143:2900-2906, 1 98 9,, AUK-12-20 antibody, A3K64-7 

antibody or AUK146-15 antibody (International Patent 
Application Publication Wo. wo 92 i«7nov * 

pm-1 has been internationally deposit at Ag6 J 3 
industry science and Technology, OP*. N . ti Lal 
institute cf Bioscience and Human Technology -i-j., 
Hxgashi, Tsukuba-shl, ibaraki Pref., on thebasis ' t 
Budapest Treaty as perm bp- 2998 on only 10 , i 950 ? V ba 
hybrido*a cell line producing m.U-1 antibody „ r«! 
■nouse hybrido»a baa been internationally deposited 

at * 9 .ncy of industrial Science and Technology! 

TTT 'r 1 ^ 0t Bi °^™* H«„an Technology (1 . 
1-3, Hrgashr, Tsukuba-shl, Ibaraki Pref . ) on the b JL o* 
Budapest treaty as ra* B p. S875 on ^'J? ° f 

Bybridonas producing the anti-u,-6 receptor * 
monoclonal antibody can be made basically using the 
technology known to the art as Allows. That u.lL 
hybrrdomas can be made by performing immunisation uein D 
Ii~6 receptor as a sensitised antigen acco^dinc L T 
standard Ration TOthod , fttaln 3 g ^ 

Wnrsed cell, to parent cells kno™ in the art by uhe 



standard cell fusion method, and screening cells 
producing the monoclonal antibody by the standard 
screening method. 

Specif ically, the anti~lL-6 receptor antibody can be 
made as follows. For instance, human IL-6 receptors used 
as the sensitized antibody to obtain the antibody can be 
obtained by using XL- 6 receptor gene/axxtino acid sequences 
disclosed in European patent Application Publication No, 
EP325474 and JP-A-3-X55795, respectively* 

The IL- 6 receptor protein has two types , i.e*, one 
expressed on cells and one dissociated from the cell 
membrane {soluble IL-6 receptor) (Yasukawa, K» et al., J. 
Biochem., 108:673-676). The soluble IL-6 receptor is 
substantially composed of an extracellular region of the 
IL-6 receptor r and is different from the membrane binding 
IL-6 receptor in lacking a transmembrane region or 
transmembrane and intracellular regions. Both XL-6 
receptor proteins may be used as long as they are used as 
the sensitized antigen for the production of the anti-XL- 
6 receptor antibody used in the inventidn. 

The gene sequence of IL-6 receptor is inserted into 
the expression vector known in the art, which transforms 
appropriate host cells , subsequently , the target IL-6 
receptor protein is purified from the cells or the 
culture supernatant by the method known in the art, and 
the purified XL-6 receptor protein can be used as tfce 
sensitized antigen. Also, the cells expressing IL-6 
receptor and the fusion protein of the IL-6 receptor 
protein with the other protein may be used: as the 
sensitized antigen* 

E, coli containing plasmid, pIBlBSF2R including cDNA 
encoding human IL-6 receptor as HB101-plBIBSF2R has been 
internationally deposited at Agency of industrial Science 
and Technology f jpn, National Institute o£ Bioscience and 
Human Technology on the basis of Budapest Treaty as the 
access No. FBRM BP-2232 as of January 9, 1989. 

The anti-gpl30 antibody used in the invention can be 
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obtained as polyclonal or monoclonal antibody using means 
known in the art. As the anti-gpl 30 antibody used in the 
invention, the monoclonal antibody derived from mammalian 
animals is preferable... The monoclonal antibodies derived 

-from-mammalian aniaals include those in produced 

bvbridomas, and those produced in host cells transformed 
with expression vector containing the antibody gene by 
gene engineering technique. This antibody inhibits the 
binding of 11-6/11,-6 receptor complex to gpi 30 by binding 

TnTclliT. ^ 6L ' M ^ " « acuity 

lll ltiLZ T ' ^ antib ° dy (US 5571513), B- 

S12 antibody and B-P8 antibody < J*-A-8-2S>li<>9 > 

„..T rid0ma8 Pr ° ducin ^ **• anti-gpiao monoclonal 

Tn ZVrJlT ba T ally U5in9 ^-logy known 
1 th *** !* follows - That hybridomas can be 

made by performing immunisation using gpi 3 0 as a 

ZllTtT SCCOrding *° th£ StaI *~ d immunisation 

method fusing the resultant immunised cells to parent 
cells known in the art by the standard cell fusion 

ZT^LT : h ° reenia9 CeUS Pr ° dUCin9 the —clonal 
antibody by the standard screening method. " 

followrlor^nsL^ «-^f can be made as 

follows. For instance, gpi 30 used as the sensitise 

antigen to obtain the antibody can be obta^^ us ing 
the gp 130 gene/amino acid sequences disclose , V 
Patent Application Publicatio^o! Vf TllZT **** 

The gene sequence of gp 130 is inserted into the 
expression vector system known in the art, whilh 
transforms appropriate host cells, subsequently the 
target g pl3 0 protein is purified from the ceS'or the 
culture supernatant by the method known L It ! 
the purified gp 13 o pxotein can £ ^afthe^ ' T 
antigen. Also, the cells expressing gpl.O aud ^Ts 
protein of the gpi 30 protein with fUSi ° n 
b* used as the sensitised LtTget ' ** ™* 
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Mammalian animals immunized <with -the sensitized 
antigen are not particularly limited , but preferably 
selected in consideration of compatibility with parent 
cells used for cell fusion, in general, rodent animals 
5 such as mouse, rat and hamster are used. 

Immunisation of the animal with the sensitized 
antigen is carried out according to the methods known in 
the art. As the general methods, it is carried out by 
injecting the sensitized antigen to the animal 

10 intraperitoneal ly or subcutaneous ly. specifically, it is 
preferred that the sensitized antigen is appropriately 
diluted and suspended with PBS (phosphate-birf f ered 
saline) or saline, which is mixed with an appropriate 
amount of standard adjuvant, e.g., Freund's complete 

15 adjuvant to be emulsified, and subsequently administered 
to the mammalian animal several times with an interval of 
4 to 21 days. Also, an appropriate carrier can be used 
upon the immunization with the sensitized antigen. 
The animal is immunized in this way and it is 

20 confirmed that levels of the desired antibody are 

increased in serum. Subsequently, the immunised cells are 
removed from the mammalian animal, and are committed for 
cell fusion. Preferable immunized cells .committed for 
cell fusion particularly include spleen cells - 

25 For myeloma cells of the mammalian animals as 

partner parent cells fused with the above immunized 
cells, cell lines already known in the art, e.g., 
P3X63&g8.653 (Kearney, j. F. et al., J.. Immunol., 
123:1548-1550, 1979), ?3X63Ag8U.l (Current Topics in 

30 Microbiology and Immunology, 81*1-7, 1978), NS-1 (Kohler, 
6. and Milstein, C., Bur. J. Immunol., 6:511-519, 1976), 
MOC-11 (Margulies D.H. et al., Cell, 8:405-415, 1976), 
5P2/0 (Shulman, M. et al.. Nature, 276 1 269-270, 1978), FO 
(de St. Groth, S*F. et al., J. Immunol, : Methods, 35;1-21, 

35 1980), S194 (Trowbridge, I.S- J. Exp. Med.,. 14B;311-323, 

1978) , R210 (Galfre, G, et al., Nature, 277:131-133, 

1979) are appropriately used* 



The oell fusion of the above immunized cells with 
myeloma cells can be carried out basically according to 
the methods Jcnown in the art, e.g., Milstein's method 
.{Kohler G. and Milstein C. , Methods Enayraol., 73:3-46, 
iSsi). " — . 

More specifically, the above cell fusion is 
performed, for example, in the standard nutrient culture 
medium in the presence of a cell fusion accelerator. As 
the cell fusion accelerator, for example, 
polyethyleneglycol {Pp e) , sendai virus <Wj) and ^ li3ce 
are used, and an auxiliary agent such as 

dimethylsulf oxide can be further added/used as desired in 
order to increase the fusion efficiency. 

A use ratio of the immunised oells to the myeloma 
cells is preferably, for example, l to 10 folds of the 
xmmunxzed cells to the myeloma cells. As media used for 
the above cell fusion, the use of RPMI i 640 medium, MEM 
medium suitable for growth of the myeloma cell line, and 
the other standard media used for this type of cell 
culture is possible, and further serum .supplement such as 
feral calf serum <j?C9) can be combined. 

For the cell fusion, the target fused cells 
(hybridomas) are formed by thoroughly mixing the above 
immunized cells with the myeloma cells at the given 
amounts in the above medium, adding peg solution, e.g , 

! BG ,nnf ti0a "° l0ettl « **** 0± about 1000 

to 6000 Prewarmed at 37»C at a standard concentration of 
30 to 60% (W /v), and mixing. Subsequently, a cell fusion 
agent and the like which are not preferable for the 
growth of the hybridomas can be removed by repeating the 
manxpulatxon of sequentially adding the appropriate 
medium and removing the supernatant by centrifuge 

Xhe hybridomas are selected by culturing in the 
standard selection medium, e.g., HAT medium (medium 
containing hypoxanthine, aminopterin and thymidine,. The 

several day to several weexs, sufficient time period 



until cells other than the target hybridomas (non-fused 
cells) die out. Then, the standard limiting dilution 
method is performed, and the hybridomas producing the 
target antibody are screened and cloned. 

Also in addition to obtaining the above hybridoma by 
immunizing the animal other than human with the antigen , 
desired human antibody having binding activity to the 
desired antigen or cells expressing the antigen can be 
obtained by sensitizing human lymphocytes with the 
antigen protein or the cells expressing the antigen in 
vitro , and fusing the sensitized B lymphocytes with human 
myeloma cells, e.g., U266 (see JP-B-1-5987B)., Moreover, 
the antigen or antigen expressing cells may be 
administered to transgenic animals having repertoire of 
human antibody gene to obtain the desired human antibody 
according to the method described above (See 
International Patent Application Publication Wos, MO 
93/12227, WO 92/03918, WO 94/02602, WO 94/25585, WO 
96/34096, WO 96/33735). 

The hybridoma producing the monoclonal antibody made 
in this way can be cultured in the standard culture 
medium, and also can be stored in liquid nitrogen for a 
long time. 

In order to obtain the monoclonal antibody from the 
hybridomas, employed is the method where the hybridomas 
are cultured according to the standard method and the 
monoclonal antibody is obtained as its culture 
supernatant, or the method where the hybridomas are 
propagated by administering to the compatible mammalian 
animal therewith and the monoclonal antibody is obtained 
as its ascites r The former method is suitable for 
obtaining the antibody with a high purity, and the latter 
method is suitable for producing the antibody at a large 
scale. 

For instance, the production of the hybridoma 
producing the anti-IL-6 receptor antibody can be carried 
out by the method disclosed in JP-A-3-139293 . The method 



where hybridomas producing pm-1 antibody internationally 
deposited at Agency of Industrial Science and Technology, 
JPN, National Institute of Bioscience and Human 
. Technology ( 1-1-3 1 Higashi, Tsukuba-shi,. ibaraJci Pref , 
-as FERM BP-2598 on July 10,-1990 bh the basis of Budapest 
Treaty are injected intraperitoneal ly ro BALB/c mouse to 
obtaxn the ascites and PM-i antibody is purified from 
this ascites can be carried out. Also, the method where 
the present hybridomas are cultured in the appropriate 
medium, for example, rpmi 1640 medium, hybridoma SFM 
medium (supplied from GXBCO-brl), pfhm-ix medium 
(supplied from GIBCO-brl ) containing 10% fetal calf serum 

and 5% BM-Condimed HI (supplied from no 0 h.i« . 
DT , , , J . , , v»u P£ .j.iea xrom Boehringer Mannheim) 

and PM-1 antibody is purified from its culture 
supernatant can be carried out. 

in the invention, as the monoclonal antibody, it is 
possxble to use recombinant type antibody produced by 
cloning the antibody gene from the hybridoma, inserting 
the gene into an appropriate vector, introducing this 
into host cells, and using gene engineering technology 
(see, for example, Borrebaec*, c.A.K. and LarricJc, J m 
Therapeutic Monoclonal Antibodies, published in the 
United Kingdom by Macmillan Publishers Ltd., 1990 ) 

Specifically, mRNA encoding the variable (V) reaion 
of the antibody is isolated from the cells Prodlcing the 
target antibody, e.g., hybridomas. r or .the Isolation of 
«». total RHA is prepared b y the methods fcnown Ttne 

Tt* ^riT^^r Ultraceatrif ^- »^hod (Chirgvin, 
J-M.. et al.. Biochemistry, 18*5294-5299, 1979, AGPr 
method (ChomceynsHi, P. et al., Anal. ^ s , 

IZ'J ' ^ ™* iS Pr6pared h * ^ »• of mRNA • 

P^rifLlT v 7 PrSPare<i bY thS USe ° f ^^rep m*T 
Purifxcation Kit (supplied from Pharmacia). 

cdna of the antibody V region is synthesis from 
the resultant ^ using reverse tranacriptase The 
synthesis of cDNA can be carried 

carried out usxng AMV Reverse 



Transcriptase First-strand cDNA Synthesis ' Kit ; and the 
like. Also, 5'-Ampli FINDER RACE kit (supplied from 
Clontech) and 5 ■ -RACE method using PCR (Frohman, M. A- et 
al., Proc. Natl. Acad* Sci. USA, 85:8998-9002 1988; 
Belyavsky A- et al., Nucleic Acids Res,, ,17 :291&-2932, 
1989) can be used to synthesize and amplify cDna„ The 
target DNA fragment is purified from the resultant PCR 
product, and li gated to the vector DBA. Further, a 
recombinant vector is made by this, which is : introduced 
into E. coli, and colonies are selected to prepare the 
desired recombinant vector* The base sequence of the 
target DNA is confirmed by the method known in the art, 
e.g./ deoxy method. 

If the DNA encoding the V region of the target 
antibody is obtained, this is ligated to: DNA encoding the 
constant (C region) region of the desired antibody r and 
then it is incorporated into the expression vector- Or 
the DMA encoding the v region of the antibody may be 
incorporated into the expression vector containing the C 
region of the antibody. 1 

In order to produce the antibody used in the 
invention, the antibody gene is incorporated into the 
expression vector so as to express under the expression 
regulation regions such as enhancer and promoter as 
described later. Next, host cells can be transformed with 
this expression vector to express the antibody. 

Xn the invention, artificially modified gene 
recombinant antibodies, e.g., chimeric antibody, 
humanized antibody and human antibody can be used for the 
purpose of reducing allogenic antigenicity for human. 
These modified antibodies can be made using the known 
methods . 

The chimeric antibody can be obtained by ligating 
the dna encoding the antibody v region obtained as above 
to the DNA encoding the human antibody C region and 
incorporating this into expression vector to be 
introduced to host to produce (see European Patent 



Application Publication NO. EP 125023, International 
Patent Application Publication No. wo 92/19759). using 
these known methods, the chimeric antibody useful for the 
invention can be obtained. 

example, ~ the "plasmids " cent aihing DMA encoding " 
the V regions of the L and H chains of the PM-! chimeric 
antibody were named P P M -k3 and pPM-hl, respectively, and 
B. coli having these plasmids have been internationally 
deposited at National Collections of Industrial and 
Marine Bacteria Limited as NCIMB 40366 and NCIMB 40362 
respectively on February 11, 1991 on the basis of 
Budapest Treaty. 

The humanized antibodies are also referred to as 
reshaped human antibodies, are those in which the 
complementarity determining region (CDR) of - the antibody 
of the mammalian animal other than human, e.g., *ou S e is 
transplanted in the complementarity determining region of 
the human antibody, and its general gene recombinant 
method has been known (see European Patent Application 
Publication no. BP 125023, International Patent 
Application Publication No. wo 92/19759, 

CD* Q 7llt tiC * llY ' ^ ° NA SeqUeOCe d * si *»s* *° Unk the 
CD* of the mouse anybody to the framework region (PR) of 
the human antibody is synthesis by P CR from sever II 

tne^Zi " ^ t0 ^ Portion at 

the terminus. Th e resultant dna is ligated to the dna 
encoding the human antibody C region, then it is 
incorporated into the expression vector, which is 
introduced into the host to produce the humanised 

TwZo'Tn^T™ Publication NO. 

EP 239400, international Patent Application Publication 
NO. WO 92/19759). ^oxication 

As PR of the human antibody ligated via the era 
those are selected where the complementarity deling 

thf fraT" 8 / g ° 0d antl9en ****** act 
the framework region of the antibody variable - , 
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determining region of the reshaped human antibody forms 
the proper antigen binding site (Sato, K . et.al., Cancer 
Res., 53i851-856, 1993). 

i 

The human antibody c region is used for the chimeric 
5 antibody and humanized antibody. The human antibody C 

region includes Cy, and for example, Cyl, Cy2., Cy3 or Cy4 
can be used. The human antibody c region may? be modified 
to improve stability of the antibody or the production 
thereof . 

10 The chimeric antibody is composed of tlie variable 

region of the antibody derived from the mammalian animal 
other than human and the C region derived from the human 
antibody. The humanized antibody is composed of the 
complementarity determining region the antibody derived 

15 from the mammalian animal other than human and the 

framework region and the C region derived from the human 
antibody. Therefore, these have reduced antigenicity in 
the human body and thus are useful as the antibody used 
in the invention. 

20 Preferable specific examples of the humanized 

antibody used in the invention include humanized PM-1 
antibody (see International Patent Application 
publication No. wo 92-19759). 

Also, as the methods to obtain the hunian antibody, 

25 the technology to obtain the human antibody by panning 

using human antibody library is known in addition to the 
methods described above. Por example, the variable region 
of the human antibody can be expressed on the surface of 
phages as a single strand antibody (scFv) by the phage 

30 display method, and the phages bound to the antigen can 
be selected, when the gene of the selected' phages is 
analyzed, the dna sequence encoding the variable region 
of the human antibody bound to the antigen? can be 
determined, if the DNA sequence of scPv bojiwid to the 

35 antigen is demonstrated, the sequence can be made by an 
appropriate expression vector to obtain the human 
antibody. These methods have been already fwell-known, and 



i 



it is possible to cite WO 92101047, WO 92/20791, WO 
93/06213, WO 93/11236, WO 93/19172, WO 95/01438^ and WO 
95/15388. 

The antibody gene constructed as described above can 
be expressed-and -obtained by- the-methods-xnovn-in the ~ 
art. In the case of the mammalian cells, the antibody 
gene can be expressed by the DMA in which commonly useful 
promoter, the antibody gene to be expressed, and poly A 
signal 3* downstream therefrom are functionally bound, or 
by the vector containing them. For instance, 
promoter/enhancer can include human cytomegalovirus 
immediate early promoter /enhancer. 

Also, as the other promoter /enhancer capable of 
being used for the expression of the antibody used in the 
invention, the viral promoter/enhancer of retrovirus, 
polyoma virus, adenovirus, simian virus 40(sv40), and the 
promoter/enhancer derived from the mammalian cells human 
elongation factor la (BEFlct) can be used. 

For instance, the expression can be performed 
according to Mulligan at al's method (Mulligan, R. c. et 
al.. Nature, 277:108-114, 1979) in the ease of using SV40 
promoter/enhancer, or Mizusbima et al's method 
(Mizushima, S and Nagata, s., Nucleic Acids Res., 
18:5322, 1990) in the case o£ using HEFla 
promoter/enhancer. 

in the case of E. coli, the gene can be expressed by 
functionally binding commonly useful promoter, a signal 
sequence for antigen secretion and the antibody gene to 
be expressed. For instance, the promoters can include 
lacz promoter and aras promoter. Ward et al's method 
(Ward, E. S. et al., Nature, 341:544-546, 1989; Ward, E. 
S. et al., faseb j., 6:2422-2427, 1992) and Better et 
al'B method (Better, M. et al., Science, 240,1041-1043, 
1988) can be used in the cases of using lacz promoter and 
araB promoter, respectively. 

AS the signal sequence for the secretion of 
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antibody/ pels signal sequence (Lei, s. P.' et al., 
Bacterid., 169:4379-4383, 1987) can be used in the case 
of the production in periplasm of e. coli. The antibody 
produced in the periplasm is isolated, and subsequently 
5 used by appropriately refolding the antibody structure 
(see, for example, WO 96/30394). 

Those derived from SV40, polyoma virus, adenovirus, 
bovine papilloma virus (BPV) can be used as a replication 
origin. Additionally, for the amplification of gene copy 

10 number in the host cell system, the expression vector can 
include aminoglycoside phosphotransferase (APE) gene, 
thymidine kinase (TK) gene, E. coli xanthine guanine 
phosphoribosyl transferase (Ecogpt) gene, dihydrofolate 
reductase (dhfr) gene and the like as selection markers. 

15 For the production of the antibody used in the 

invention, an optional production system can be used. 
There are in vitro and in vivo systems of the production 
for making the antibody. The production system in vitro 
include the production system using eukaryotic cells and 

20 the production system using prokaryotic cells. 

in the cases of using eukaryotic cells, there are 
the production systems using animal cells, plant cells, 
or fungus cells. As the animal cells, (l) mammalian 
cells, e.g., CHO, COS, myeloma, BHK (baby hamster 

25 kidney), Heia, vero, etc., (2) amphibian cells, e.g., 

oocytes of Xenopus, or (3) insect cells, e.g., sf9, sf21, 
Tn5, etc. are known. As plant cells, the cell derived 
from Nicotiana tabacum is known and this can be cultured 
as callus. As fungus cells, yeast, for example, genus 

30 saccharomyces , e.g., saccharomyces cerevisiae, and 
Filamentous, for example, genus Aspergillus, e.g., 
Aspergillus niger are known. 

in the case of using prokaryotic cells, there are 
tbe production systems using bacterial cells. As the 

35 bacterial cells, E. coli and Bacillus subtilis are known. 
The antibody can be obtained by introducing the 
target antibody gene into these cells by transformation 



and culturing the transformed cells in vitro/ The culture 
is carried out according to the methods known in the art. 
For instance, DMBM, MEM, rpmi i 6 40 and IMDM can be used 
L ™ J^i:™*±™t. the serum supplement such as fetal 
calf serum (FCS) can be also combined. The antibody may 
be produced in vivo by transferring the cells in which 
the antibody gene is introduced into a peritoneal cavity 
of the animal. 

On the other hand, the production systems in vivo 
include the production systems using animals and the 
production systems using plant cells. In the case of 
using animal cells, there are the production system using 
mammalian animals and insects. 

&s the mammalian animals, a goat, swine, sheep, 
mouse, cattle and the like can be used (vicki Glaser, 
spectrum Biotechnology Applications, 1993).' Also, as 
insects, a silk worm can be used, m the case of using 
plants, for example, tobacco can be used. 

The antibody gene is introduced into these animals 
or plants, the antibody is produced in the body of the 
animal or plant, and is collected. For example, the 
antxbody gene is prepared as a fusion gene by. inserting 
xn a midstream of the gene encoding the protein 
inherently produced in milk such as goat p casein. The 
ma fragment containing the fusion gene inserted the 
antibody gene is injected into goat embryo, which is 
transferred in a female goat. The desired antibody is 

UTT f ° m ^ ° f " *oat born from the 

goat whxch received the embryo or progenies thereof. 
Appropriate hormones may be used for the transgenic goat 
in order to increase an amount of the milk containing the 
l^ 7 oT^, (Eb6rt ' *' " -/Technology 5 , 

infeJY^T ° f USin * * ilk WOimS ' th * eil * "orms are 
infected with baculovirus inserted the target antibody 

gene and the desired antibody is obtained from body 

fluid of these silk worms (Maeda, s. et al., Nature 
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315:592-594/ 1985), Moreover, in the case of using 
tobacco, the target antibody gene is inserted into plant 
expression vector, e.g., pKOH 530, and this vector is 
introduced into bacteria such as Agrobacterium, 
5 tumefaciens. The tobacco, such as Kicotiana tabacum, is 

infected with these bacteria, and the desired antibody is 
obtained from leaves of this tobacco (Julian, K. C, Ma, 
et al., Eur- J- Immunol., 24:131-138, 1994). 

when the antibody is produced in the production 

10 system in vitro or in vivo as described above, the DN& 
encoding the antibody heavy chain (H chain) or light 
chain (L chain) may be separately incorporated into the 
expression vectors, which may simultaneously transform 
the host, or the DNA encoding the H chain and i« chain are 

15 incorporated into a single expression vector, which may 
transform the host (see International Patent Application 
Publication No. WO 94-11523). 

The antibody used in the invention may be fragments 
of the antibody or modification thereof as long as the 

20 antibody is suitably used. For instance, the fragments of 
the antibody include, for example, Fab, F(ab T ) 2 , Fv, or 
single chain Fv (scfv) where Fv of the H and l chains are 
linked by an- appropriate linker. 

Specifically, the antibody is treated with enayme, 

25 such as papain, pepsin 9 to generate the antibody 

fragments, or the gene encoding the antibody fragment is 
constructed, and this is introduced into the expression 
vector, which is expressed in an appropriate host cells 
(see, for example,. Co, M« S. et al., J. Immunol., 

30 152:2968-2976, 1994; Better, M, & Horwitz, A. E., Methods 
in Enzymology, 178:476-496, 1989? Plueckthun, A. & 
Skerra, a. , methods in Ensymology, 178:476-496, 1989; 
i>amoyi, e., Methods in Bn2ymology, 121:652-663, 1989? 
Rousseaux, J. et al.. Methods in Enzymology* 121*663-66, 

35 1989; Bird, R. £♦ et al., TIBTECH, 9:132-137 r 1991). 

By ligating the H chain V region to tne L chain v 
region, soPv ia obtained, in this bcFv, the H chain V 



region and the L chain V region are preferably linked via 
a linker, preferably a peptide linker (Huston, J. s. et 
al., Proc. Natl. Acad. Sci. DSA, 85: 5879-5883 , 1988). The 
H chain V region and the t. chain V region' in scPv may de 

-derived-f rom any of those described as the above— 

antibody, as the peptide linker which links the v 
regions, used is, for example, a given single chain 
peptide composed of 12 to 19 amino acid residues. 

DNA encoding scPv is obtained by amplifying the DNA 
portion encoding the desired amino acid sequence among 
DNA encoding the a chain or H chain V region and L chain 
or L chain v region of the above antibody, which are used 
as templates using primers which define the both ends 
thereof by pea method, then further by amplifying DNA 
encoding the peptide linker portion and the both ends 
thereof combining a pair of primers which define to be 
linked to the H and l chains. 

Also, once the dna encoding scfv is made, the 
expression vector containing them, and the host 
transformed with the expression vector can be obtained 
according to the standard methods, and scPv can be 
obtained using the host according to the standard 
methods w . .... 

For these antibody fragments, their genes can be 
obtained, expressed and produced by the hosts as with the 
above. "Antibody" referred to in the invention includes 
these antibody fragments. 

As modification of the antibody, it is also possible 
to use the antibody bound to various molecules such as 
polyethyleneglycol (PEG) . "Antibody- referred to in the 
invention includes these antibody modification, in order 
to obtain such antibody modifications, they can be 
obtained by giving chemical modification to the obtained 
T,T, dy :/ h6Se ***** hav * *— *^ady established in 

*he antibody produced and expressed as the above can 
be isolated from inside and outside of cells and the 
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host, and purified to be homogenous ♦ The isolation and 
purification of the antibody used in the invention can be 
carried out by affinity chromatography. The column used 
in the affinity chromatography includes , for example, 
5 protein A column and protein G column. Carriers used for 
the protein A column include Hyper D, FOROS, Sepharose F. 
F- and the like- The other isolation/purification methods 
used for normal proteins can be used, and the methods are 
not limited at all. 

10 For example, the antibody used in the invention can 

be isolated and purified by appropriately selecting and 
combining chromatography other than the above affinity 
chromatography, filter , ultrafiltration, salting out, 
dialysis and so on* Examples of chromatography include 

15 ion exchange chromatography, hydrophobic chromatography, 
gel filtration and the like* Such chromatography can be 
applied for HP1C (high performance liquid 
chromatography) • Also reverse phase HPLC may be used. 
Measurement of concentrations of the antibody 

20 obtained above can be carried out by the measurement of 
abeorbance or by ELISA. That is, in the case of the 
measurement of the absorbance, the antibody is 
appropriately diluted with PBS(-) followed by measuring 
the absorbance at 280 nm, and the concentration is 

25 calculated by 1 rog/ml as 1.35 OD. In the case by ELISA, 
the measurement oan be carried out as follows. That is, 
100 |Al of goat anti-human igS {supplied from TAG) diluted 
at 1 jig /ml with 0.1 B bicarbonate buffer (pH 9,6) is 
added to a 96-well plate (supplied from Nunc), and is 

30 incubated overnight at *°c to immobilize the antibody. 
After blocking, 100 of the appropriately diluted 
antibody used in the invention or a sample containing the 
antibody, or human igG (supplied from Cappel) as the 
standard is added, and incubated at room temperature for 

35 one hour. 

After washing, loo \il of alkaline phosphatase 



labeled anti-human Ig6 (supplied from Bio 8ource) diluted 
at sooo folds is added and incubated at room temperature 
for one hour. After washing, a substrate solution is 

* dded followed by the incubation, and subsequently, the 

5 absorbance at 405 nm is "measured using MicroplatVReade^ ~ 
Model 3550 (supplied from Bio-Rad) to calculate the 
concentration of the target antibody. 

Modified IL-6 used in the invention is substances 
having binding activity to U.-6 receptor and which do not 

10 transmit the biological activity of IL-6. That is, since 
the modified 11-6 does not transmit the biological 
activity of xl-6 although it binds to IL-6 receptor 
competitively with il-6, it blocks signal transduction by 

15 The modified IL-6 is made by introducing variants by 

substituting amino acid residues in the amino acid 
sequence of il-6. xm which is a source of the modified 
IL-6 can be obtained from any origin, but it is 
preferably human IL-6 in consideration of its 

20 antigenicity. 

Specifically, the modification of il-6 is carried 
out by forecasting its secondary structure of il-6 amino 
acxd sequence using the molecular modeling program known 

f « WHAT1P (Vri6nd et • l " ^ Graphics, 

25 8,52-56, 19*0, and further by evaluating effects of amino 
acid resxdues to be substituted on the whole protein 
After determining suitable amino acid residues to be 
substituted, the gene encoding the modified IL-6 is 

3 o Trt* in lt T int " ducin * va *i**s by the conventional 
30 pc* method such that the amino acids are substituted 

hZl SY eCt ° r C ° ntaining **** ^»ence encoding 
oot!L TLT 6 M tem * la * e - ^ified IL-6 can be 
obtained by incorporating this into the appropriate 
vector as needed and following to the above methods for 
« the expression, production and purification of the 
recombinant antibody. 

Specific examples of the modified il-6 are disclosed 



in Brakenhoff et al., J. Biol. Chera., 269:86-93, 1994 and 
Savino et al., EMBO J., 13*1357-1367, 1994, WO 96/18648 
and WO 96/17869. 

Partial peptides of IL-6 or partial peptides of IL-6 
receptor used in the invention have binding activity to 
IL-6 receptor or IL-6, respectively/ and axe substances 
which do not transmit the biological activity of XL- 6, 
That is, the partial peptide of IL-6 or the partial 
peptide of IL-6 receptor specifically inhibits the 
binding of il-6 to IL-6 receptor by binding to and 
capturing IL-6 receptor or IL-6, respectively » 
Consequently, since they do not transmit the biological 
activity of IL-6/ they block the signal transduction by 
IL-6- 

The partial peptide of XL-6 or the partial peptide 
of It- 6 receptor is the peptide composed of partial or 
entire amino acid sequence involved in the binding of XL- 
6 to IL-6 receptor in the amino acid sequence of zii-6 or 
IL-6 receptor. Such a peptide is composed of typically 
from 10 to SO, preferably from 20 to 50, and more 
preferably from 20 to 40 amino acid residues* The partial 
peptide of XL-6 or the partial peptide of IL-6 receptor 
can be made by defining the region involved in the 
binding to IL-6 or XL-6 receptor in the amino acid 
sequence of IL-6 or IL-6 receptor and synthesizing its 
partial or entire amino acid sequence by the methods 
commonly known , e.g-, gene engineering technique or 
peptide synthesis methods. 

In order to make the partial peptide of XL-6 or the 
partial peptide of IL-6 receptor by the gene engineering 
technique/ it can be obtained by inserting the DNA 
sequence encoding the desired peptide into the expression 
vector and following to the above expression, production 
and purification methods of the recombinant antibody. 

In order to prepare the partial peptide of XL- 6 or 
the partial peptide of XL-6 receptor by the peptide 
synthesis method, it is possible to use the methods 
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~ typically used in peptide synthesis, for example, the ' ~ 
solid phase syndesis method or liquid phase synthesis 
method. 

Specifically, the synthesis can be carried out 
._. a . coordill ?..' to lyakuhin, Kaihatu_vol. 15 Peptide 

Gosei, (Ed., yajima, H» , Hirokawa Shoten," 1991,, is the" 
solid phase synthesis method, used is, for example, the 
method where the peptide chain is extended by binding an 
amino acid corresponding to the C terminus of the peptide 
to be synthesized to a support which is insoluble in an 
organic solvent, and alternately repeating a reaction in 
which one amino acid is sequentially condensed in the 
direction from the C to s terminus in amino acids of 
which a-amino group and side chain functional groups are 
protected with appropriate protecting groups and a 
reaction in which the protecting group of a-amino group 
is eliminated in the amino acids or peptide attached on 

Tj s *iT*: S ° lid PhaS6 SyntheSis are broadly 

classified into Boc method and Fmoc method depending on 
the types of protecting groups used. 

After the target peptide is synthesized in this way, 
deprotection reaction and cleavage reaction of the 
peptide chain from the support are carried out. In the 
cleavage reaction of the peptide chain, hydrogen fluoride 
or trif luoromethane sulfonate and *fa can be typically 

method, the above protected peptide resin is treated with 
hydrogen fluoride in the presence of anisole. *hen the 
elimination of the protecting gr0 up and the cleavage from 
the support are carried out to recover the peptide This 
is lyophilized to yield the crude peptide. L ather 
hand in *moc method, for example, in tfa, the 

peptide chaxn from the support can be carried out bv the 
same manipulation as the above, 7 
ite resultant crude peptide can be isolated and 
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purified by applying on HPLC. The elution can be 
performed under an optimal condition using a water ~ 
acetonitrile solvent typically used for the purification 
of protein. Fractions corresponding to peaks in a profile 
of the resultant chromatography are collected and 
lyophilized. The peptide fractions purified in this way 
are identified by analysis of molecular weights by mass 
spectrometry/ amino acid composition analysis or amino 
acid sequence analysis - 

The specific examples of the partial peptides of IL- 
6 and IL-6 receptor are disclosed in JP-A-2-188600, 7- 
324097 , and 8-311098, and US patent 5210075. 

The pharmaceutical compositions of the invention may 
be those containing pharmaceutically acceptable carriers 
and additives depending on their administration pathways. 
Examples of such carriers and additives include water/ 
pharmaceutically acceptable organic solvents , collagen, 
polyvinyl alcohol , polyvinylpyrrolidone r carboxyvinyl 
polymer r sodium carboxymethylcellulose, sodium 
polyacrylate, sodium arginate, water-soluble dextran, 
sodium carboxymethyl starch, pectin, methyl cellulose, 
ethyl cellulose, xanthane gum, gum arabic, casein, 
gelatin, agarose, diglycerin, propyleneglycol, 
polyethylene glycol, petrolatum, paraffin, stearyl 
alcohol, stearic acid, human serum albumin (HSA), 
mannitol, sorbitol, lactose, acceptable surfactants as 
pharmaceutical additives and the like. The additives used 
are selected appropriately from the above or in 
combination depending on their formulation, but are not 
limited thereto. 
Examples 

The present invention is specifically described 
below by examples and reference examples, but the 
invention is not limited thereto. 
Example 1 a ■ 

MRA is a recombinant humanised anti-human 
interleukin~6 receptor monoclonal antibody of the IgGl 
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sub-class that inhibits the function of the cytokine 
inter leukin-6 (IL-6). in early studies in Japan and 
Europe, MRA showed promise in the treatment of rheumatoid 
arthritis and was tolerated well. 

_:. ThiB.was..a. large,. Phase:;.JI trial of.MRA to determine 

the optimum dose of MRA given alone and in combination 
with methotrexate for the treatment of rheumatoid 
arthritis. The potential efficacy of repeated intravenous 
doses of MRA, both as monotherapy and in combination with 
methotrexate, were assessed in patients with active 
rheumatoid arthritis despite of the treatment with 
methotrexate for a specified period of time and compared 
to methotrexate monotherapy. The efficacy, safety and 
tolerabiiity of mra were assessed. 
Methods a 

Subjects: Patients with rheumatoid arthritis 
diagnosed based on the 1987 disease classification of the 
American College of Rheumatology ( AC R )r of at least 6 
months duration were enrolled. Patient must have active 
disease and had an inadequate response to, or disease 
flare on MTX given for at least 6 months at a dose of a t 
least 12.5 mg weekly or 10 mg weekly in the case of 
intolerance. 

study design; a double-blind, randomized, parallel 
group study by central randomization method 

Dosage and Administration: seven groups: 0 mg/kg 
(placebo) *• MTX, 2 mg/kg MRA + MTX, 4 mg/kg MRA + MTX, 8 
mg/kg mra + MTX, 2 mg/kg mra + MTX placebo, 4 mg/kg MRA + 
MTX placebo, and 8 mg/kg MRA ♦ MTX placebo. Mra or 
Placebo administration is given by intravenous infusion, 
at 4-week intervals. MTX or mtx placebo administration is 
given orally, once weekly, at 10-25 mg/week. 

Study Method: The assigned dose was administered by 
intravenous infusion, four times in total at 4-week 
intervals, and efficacy and safety were evaluated at 2- 
week intervals up to 16 weeks, and follow-up observation 
was done at 20 weeks. The primary endpoint for efficacy 
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was the rate of acr 20 at 16 weeks (4 weeks after the 
last dose)-. Secondary endpoints included rates of ACR 50 
and ACR 70 at 16 weeks (4 weeks after the last dose) . 

ACR improvement criteriasThe cases where among the 
following 7 items, the number of swelling joints and the 
number of pain joints are improved by 20% or more and 
improvement by 20% or more is observed in three out of 
the remaining five items are determined as 20% or more 
improvement in ACR criteria. Further, 50% and 70% 
improvement cases indicate the patient cases where the 
above 20% improved parts are improved by 50% and 70% f 
respectively. 

(1) Number of swelling joints 

(2) Number of tender joints 

(3) Pain assessment by a patient 

(4) Global assessment of disease activity by a 
patient 

(5) Global disease activity by a physician 

(6) Assessment of physical function by a patient 

(7) CRP or ESR 

Fable i 





2 mg/kg mra 


4 mg/kg MRA 


, 8 mg/kg MRA 


MTX 


ACR 20 


30.8% 


61.1% 


62.7% 


40.8% 


ACR 50 


5,8% 


27.8% 


41.2% 


28.6% 


ACR 70 


1.9% 


5-6% 


15.7% 


16.3% 




2 mg/kg 
MRA+MTX 


4 mg/kg 
MRA+MTX 


8 mg/kg 

MRA+MTX 




ACR 20 


64.0% 


63.3% 


73.5% 




ACR 50 


32.0% 


36.7% 


53.1% 




ACR 70 


14.0% 


12.2% 


36.7% 





Statistically significantly higher ACR 20 
improvement rate was observed in all groups except the 
MRA alone 2 mg/kg group compared to the control group, in 
the MRA 8 mg/kg 4- MTX group, ACR 50 and 70 improvement 
rate were 53.1% and 36. 7% , respectively, which were 
statistically significantly higher than those of the 
control group which were 28.6% and 16.3%, respectively, 
in the MRA alone groups, statistically- significant dose 
dependency was observed in acr 20 improvement rate. Also, 
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for ACR50 and ACR70 improvement rate, the statistically 
significant dose dependent response was observed in both 
MRA alone and MTX-combined groups. 

Among 359 enrolled patients, the safety evaluation 
- : - ae * S ' the - f « 11 analysis- 8 et 8 >-and J?PS-<per protocol -set )- 
were 359, 354, and 307 , respectively. Total 359 patients 
were enrolled, 299 completed the study, and the 60 were 
withdrawn. Among the withdrawn patients, 33 were due to 
adverse events, one was due to complication with xhe 
other disease, seven were due to adverse events, 7 vere 
due to the use of drags with prohibited concomitant use, 
five were due to withdrawal of informed consent, one was 
due to lost to follow up, and 22 were due to lack of 
efficacy (including multiple reasons).. 

Among serious adverse events of which causal 
relationship could not be denied, five cases of infection 
were reported. That is, one patient with foot abscess and 

chest infection and pleurisy, one patient with 
septicaemia in the 8 mg/kg MRA + MTX group, one patient 
with septicaemia in the 8 mg/k g mra + MTX group,, and one 
Patient -with 3 oint infection in the 8 mg/kg mra + MTX 
group, -were reported, m addition to them, five cases of 
hypersensitivity were reported as serious adverse events 
of which causal relationship could not be denied that Is 
four patients of hypersensitivity in the 2 mg/kg mra 
group and one patient of hypersensitivity in the 4 mg/kg 
MRA group were reported. All of these events of 
hypersensitivity occurred in no combination with mtx 
after the 3rd or 4th mra administration. 

Concerning the laboratory data values for hepatic 
functions, although the elevation of ALT and AST levels 
were observed as a result of MRA use, such elevations 

data ZtZZTLT S * inCrSaSe ° f ^ Moratory 
data relating to Upi ds (total cholesterol, hdl 

cholesterol and triglyceride, was observed in the MRA 



33 - 



groups. However, there was no overall change in 
Atherogenic Index* 

Slight transient decrease of neutrophil count 
occurred in some patients. The clinically significant 
5 changes of the parameters for disease activity, i.e., the 
decreases of CRP and ESR and the elevation of hemoglobin 
were observed in a dose dependent manner. 
Results 

A clear dose-response was observed for MRA 
10 monotherapy and for MRA combined with methotrexate. The 
effectiveness of MRA to treat patients with rheumatoid 
arthritis was confirmed for both mra monotherapy and for 
MRA combined with methotrexate. Also, safety of MRA was 
confirmed in both. MSA monotherapy and for MRA combined 
15 with methotrexate. 

Reference . example 1. Preparation of human soluble a-fi 
receptor 

The soluble 1L-6 receptor was made by the PCR method 
using ..plasmid, pESS^R^e containing cdna encoding XL-6 

20 receptor obtained according to Yamasaxi. et .al ' s method 
(Yamasaki, K. et al. r Science, 241:825-828,. 1988). The 
plasjnid, pBSF2R.236 was digested with a restriction 
enzyme, Sphl to obtain IL-6 receptor cDNA, j which was then 
inserted into mpl8 (supplied from Amersham) . Variants 

25 were introduced into the IL-6 receptor cdna in PCR method 
by in vitro mutagenesis system (supplied from Amersham) 
using synthetic oligoprimers designed to introduce a stop 
codon into the cDNA of IL-6 receptor. This, manipulation 
introduced the stop oodon at position 345 of the amino 

30 acid to give the cDNA encoding the soluble IL-6 receptor. 

The soluble IL-6 receptor cDNA was ligated to the 
plasmid psv (supplied from Pharmacia) to afford the 
plasmid pSVL344 in order to express the cDNA in CHO 
cells. The soluble IL-6 receptor CDMA digested with 

35 Hindin-sali was inserted into the plasmid pECEdhfr 
containing cDNA of dhfr to give CHO cell expression 
plasmid pECEdhfr344, 
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By the calcic phosphate^recipitation method (Chen, 
c. et al., Mol. Cell Biol., 7,2745-2751, 1987), lo M of 
the plasmid P ECEdh£r344 was transfected into dhfr-CHO 
cell line DXB-n (Urlaub, g. et al., Proc. Natl Acad 
.- =sci.. USA, .. 77: 4216-4220,. 1980 ) ..-The- transfected -CHO cell* - 
were cultured for 3 weeks in omem selection medium 
containing 1 mM of glutamine, 10% of dialyzed FCS, 100 
U/ml of penicillin and 100 of streptomycin without 

nucleoside. 

The selected CHO cells were screened by rhe lionising 
dilution method, and a single clone of CHO cells was 
obtained. This CHO clone was amplified with methotrexate 
at the concentration of 20 n M to 200 nM to obtain CHO 
cell line 5E27 which produces the human soluble IL-6 
receptor. CHO cell line 5E27 was cultured in Iscove's 
modified Dulbecco medium (Imdm, supplied from Gibco) 
containing 5% FBS , The culture supernatant was collected, 
and the concentration of the soluble Xl-6 receptor in the 
culture supernatant was measured by ELISA. As a result 
it was affirmed that the soluble IL-6 receptor was 
present in the culture supernatant. 
Eeferenoe e^ p^ 7 p^^^ J ^ 
ant^bP^Y 

BALB/c mouse was immunized with 10 w of recombinant 
II.-6 (Hxrano, *. a i., Immunol. Lett., 17.-41, 1988) 
along with Freund's complete adjuvant, and the 
immunization was continued every one week until anti-XL-6 
antibody was detected in serum, immunized cells were 

ceiriLf r °p 3 n? Cal . lymPb aad fUSed With ***** 

cell line *3U1 usxng polyethy lene glycol 1500. Hybridomas 

were selected according to Ox et al«s method (Select^ 
Methods xn Cellular Immunology, w. H. Freeman and Co 
San Francisco, 351, 1980, using HAT medium, and the ' 
hybrxdoma producing anti-human IL-6 antibody was 
established. 

IL-6 binding assay was carried out as follows for 



the hybridomas producing anti-human IL-6 antibody. That 
is, a flexible polyvinyl 9 6 -well micrcplate (supplied by 
pynatech Laboratories f Inc./ Alexandra, VA)was coated 
with 100 |il of goat anti-mouse ig (10 jil/ml; supplied 
from Cooper Biomedical Inc., Malvern , PA) in 0,1 M 
carbonate-hydrogen carbonate buffer <pB 9.6) at 4°c 
overnight. Then, the plate was treated with 100 jxl of PBS 
containing 1% of bovine serum albumin (BSA) for 2 hours 
at room temperature* 

This was washed with PBS, subsequently 100 i*l of the 
hybridoma culture supernatant was added to each well, and 
incubated at 4°C overnight. The plate was washed, then 
UB X labeled recombinant JL-6 was added to eadh well to be 
at 2000 epm/0.5 ng/well r the plate was washeci, and 
subsequently radioactivity in each well was measured by a 
gamma counter (Beckxoan Gamma 9000, Beckman Instruments , 
Fullerton, CA) . Consequently, 32 out of 216 hybridoma 
clones were positive in the IL-6 binding assay. Among 
these clones, finally stable MH166.BSF2 was obtained. The 
anti-XL- 6 antibody MH166 produced by the hybridoma has a 
subtype of IgGlK. 

Then, neutralization activity of MH166 kntibody for 
the growth of hybridomas was examined using XL~6 
dependent mouse hybridoma clone HH60.BSF2. MH60.BSF2 

cells were dispensed at 1 x 10 4 /200 nl/well, ;a sample 
containing MH166 antibody was added thereto followed by 
being cultured for 46 hours, and 0.5 f*Ci/well of a H 
thymidine (New England Nuclear, Boston, MA) was added. 
After an additional 6 hours' culture, the cells were 
placed on glass filter paper, and treated using an 
automatic harvester (i*abo Mash Science Co., Tokyo, 
Japan). Rabbit anti-XL-6 antibody was used as the 
control . 

As a result, MS166 antibody inhibited 3 H thymidine 
uptake of MH60.BSF2 cells induced by IL-6 in a dose 
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dependent manner. This demonstr^edT that MH166 antibody^ 
neutralized the activity of XI- 6, 

Refine, mkj, j uratio n * of anti^^^ 
receptor antibody 

- ^ - ^^.6 receptor antibody MT18 made by Hirano et 

al's method (Sirano, Y et »i r~ " ~ • 

2906 k Immunol., 143:2900- 

2906, 1989) was bound to Sepharose 4B (supplied from 
Pharmaca Fine Chemicals; Piscatavay, W) activated by 
CNBr according to the attached formulation to purify L-6 
receptor (yamasaJci, et al., science, 241:825.82b! 
1988). Human myeloma cell i lne , U26 6 cells were 

lllTat^T J ^ ° f P " Para ~ a ^-P^ylmethane 

sulfonylfiuorxde hydrochloride ( supplied from wako 

ctem!caf ! °^ tainin9 1% ° f ^ (^PPXied from Wa*o 
Chemicals), -i 0 mM of ethanolamine (pH 7.8) and 1.5 m of 

bound to Sepharose 4B beads. Subseguentlv th B k I 

ourif^T™ « WSe ™ 8 iTOUE±2< " S »"» above partially 
purified il-6 receptor obtained fron 3 * 10 « D266 cellli * 

weTaad d r^° Ur tl -"' ^ ~» ™oTaa 

were »ade by the standard -ethod. Binding activity " _ 

• reoeptor was examined in the hybrids cuXtar. 

supernatants from growth positive walla by tte £ollowl[w 
method. US ( 6 cell, at 5 x «' were labeled wllh "a 
^thionia. (2 .5 «*,, and aolubili«d with ^ 8 Jove 

" tl V° ° f MT18 bound to sepharose 

-tomes, then w S-methi©nine labeled tt <r 
elated with 0. 2S „i of the d^^JX^TT, - 
neutrally with 0.025 aX of L Trl *. " * 

The hybrids oultura supernatant < o . 05 »i , „ aa 
nixed with 0.01 mi of „ „ _ 15 * L) was 

Pharmacia,. After^hlnT tb » f ™° < " (applied froa 

with o.oos »i oTtnT^Lhf p r ee waa 

r tie S-«ethion M a labeled il-6 receptor 
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solution prepared above- Imxminoprecipitate was analyzed 
by SDS-PAGE, and the hybridoma culture supernatants which 
reacted with IL-6 receptor were examined. Consequently, a 
reaction positive hybridoma clone, PM-1 (FERM BP-2998) 
5 was established. The antibody produced by the hybridoma, 
PM-1 has a subtype of IgGK. 

Inhibitory activity of the antibody produced by the 
hybridoma PM-1 was examined for the binding of IL-6 to 
human IL-6 receptor using the human myeloma cell line, 
10 U2€6» The human recombinant II— 6 was prepared from E% 

coli (Hirano, T« et al., Immunol* Lett., 17:41-45, 1988), 
and ^i-labeled (Taga, T. et al., J. Exp, Med., 166:967- 
981, 1987) by Bolton-Hunter reagent (l$ew England Nuclear, 
Boston/ MA) . 

15 U266 cells at 4 x 10 s were cultured with 70%(v/v) of 

the hybridoma PM-1 culture supernatant and 14000 epm of 
^l-labeled IL-6. A sample (70 ni) was layered on 300 \tl 
of FCS in a 400 \il microfuge polyethylene tube, and 
centrifuged followed by measuring radioactivity on the 

20 cells. 

Consequently, the antibody produced by the hybridoma 
PM-1 was demonstrated to inhibit the binding of IL-6 to 
il-6 receptor. 

fteferengze example 4, Preparation of anti-mouse TI.-6 

25 receotor antibody 

A monoclonal antibody against mouse IL-6 receptor 
was prepared by the method described in Saito, T. et al., 
J. Immunol-, 147:168-173, 1991, 

CHO cells which produce mouse soluble il-6 receptor 

30 were c-ultured in IMDM medium containing 10% FCS, and the 
mouse soluble IL-6 receptor was purified from the culture 
supernatant using an affinity column where the anti-mouse 
IL-6 receptor antibody KS12 (See the above Saito, T. et 
al.) was fixed onto Affigel 10 gel (supplied from 

35 Dior ad). 

The resultant mouse soluble il-6 receptor (50 ^g) 



was mixed with Freund's complex adjuvant, which was 
in D ected into peritoneal cavity of a wistar rat. After 
two weeks, additional immunisation was started with 
Freund's incomplete adjuvant. On the 45th day, spleen 
cells, of the. rat; were removed, and _2_x 10°: cells were 
fused with a x 10 7 mouse myeloma P3U1 cells by the 
standard method using 50% of PEG1S00( supplied from 

w^Z* 3 **^ followed by ~** 

The hybridoma culture supernatants were added to a 
plate coated with rabbit anti-rat igo antibody (supplied 
from cappal), and subsequently the mouse soluble XL-6 
receptor was reacted. Then, the hybridomas producing the 
antibody agaxnst the mouse soluble XL-6 receptor were 
screened by ELIS& method using rabbit anti-mouse XL-6 
receptor antibody and alkaline phosphatase labeled sheep 
antx-rabbit Ig G . The hybridoma clone in which the 
Production of the antibody was affirmed was subcloned 
twa.ce, and a single hybridoma clone was obtained. This 
clone was named mri«-i. Xnis 

this hvbridomr^ 011 aCtlVity ° f ^ aat±b ° d ^ »*°*>»- ^ 
this hybridoma was examined for signal transduction of 
mouse IL-6 by uptake of 3 h ^^j. " ° £ 

B6lle , Ma , , W8 ° f *hymadane using MH60.BSF2 
cells (Matsuda, t. et al., j. Immunol., 18,95l- 956 
1988,. MH60.BSF2 cells were prepared to £ 1 x l0 ?' 

pg/mi of ro ouse xl-« and 12.3 to 2000 ng/ml of MRI6-1 
anybody or RS12 antibody were added, then cultured at 

of rrJ-l hOUrS ^ 5% C °" «* well 

£ JL^f** WaS added - 4 the uptake of 

was measured. Consequently, MRie_i a „* ih !! 
suppressed uptake of *H twi^- / mri$-i antibody 

ot H tnymxdine of MH60.BSF2 cells 

-u^rss°£s.sr err* ~- * s^- 
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CLAIMS 

I, A pharmaceutical composition for the treatment 
of IL-6 related diseases , comprising an interleukin 6 
antagonist (IL-6 antagonist) and immunosuppressants. 

5 2. A pharmaceutical composition comprising 

immunosuppressants , for effect enhancement on the use of 
XL- 6 antagonist for the treatment of related 
diseases. 

3* A pharmaceutical composition comprising 
10 immunosuppressants, for the reduction or prevention of 

allergic reactions upon the treatment of IL-6 related 

diseases with an XL-6 antagonists 

4. A therapeutic agent for the administration at 

high doses , comprising an IL-6 antagonist. 
15 5. A pharmaceutical composition comprising a high 

dose of IL-6 antagonist, for the reduction or prevention 

of allergic reactions upon the treatment of ili-6 related 

diseases. 

6 % The pharmaceutical composition according to any 
20 one of claims 1 to 5, wherein said IL-6 antagonist is an 
anti-interleukin-6 receptor antibody (XL-6R antibody). 

7. Th6 pharmaceutical composition according to 
claim 6, wherein said XL-6R antibody is a monoclonal 
antibody against II1-6R-, 
25 8. The pharmaceutical composition according to 

claim 6 or 7, wherein said anti-XL-6R antibody is a 
monoclonal antibody against human IL-6R* 

9- The pharmaceutical composition according to 
claim 6 or 7, wherein said anti-XL-6R antibody is a 
30 monoclonal antibody against mouse IL-6R* 

10 . The pharmaceutical composition according to any 
one of claims 6 to 9, wherein said anti-IL-6R antibody is 
a recombinant antibody. 

II, The pharmaceutical composition according to 
35 claim 8, wherein said human anti-lL-6R monoclonal 

antibody is PM-1 antibody. 

12. The pharmaceutical composition according to 
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claim 9, wherein said mouse IL-6R monoclonal antibody is 
MR16-1 antibody. 

13. The pharmaceutical composition according to any 
one of claims 6 to 12, wherein said anti-iL-eR antibody 

. a __5^ra antibody, a _ humanized ^antibody or a humane 
type antibody against IL-6R. 

14. The pharmaceutical composition according to 
claim 13 , wherein said humanized antibody against XL-6R 
is humanized PM-1 antibody. 

15. The pharmaceutical composition according to any 
one of claims 1 to 14, wherein said XI.-6 related diseases 
are rheumatoid arthritis, plasmacytosis, 
hyperimmunoglobulinemia, anemia, nephritis, cachexia 
multiple myeloma, Castleman's disease, mesangial 
proliferative nephritis, systemic lupus erythematosus 
Crohn's disease, ulcerative colitis, pancreatitis, 
psoriasis, juvenile idiopathic arthritis or systematic 
juvenile idiopathic arthritis, vasculitis and Kawasaki 
disease. 

16. The pharmaceutical composition according to any 
one of claims 1 to 3 and claims 6 to 15 , which is said 
pharmaceutical composition comprising the 
.immunosuppressant or said pharmaceutical composition 
composing the antibody and the immunosuppressant, 

tTt ?wf Sag ! °* anti " Il - 6R 1- from 0.02 to 

150 mg/kg/4 weeks or the dosage showing an anti-iL-6R 
antibody concentration in blood equivalent thereto 
cla .": The Pharmaceutical composition according 'to 
claom 16, wherein the dosage of anti-ix.- 6 R antibody is 
from 0.5 to 30 mc/W4 weeks r»- 

tt ^ , 9 9 Wee,cs or the dosage showing an 

th^eto Mtlb0 * coa ^ntration in blood equivalent 

18. The pharmaceutical composition according to 
claxm 17, wherein the dosage of anti-ir,-** antibody is 
from 2 to 8 mg/kg/* weeks or the dosage showing aTanti- 
IL-6R antibody concentration in blood equivalent thereto 

19. The pharmaceutical composition according to any 
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one of claims 4 to 15, which is said therapeutic agent 
for the treatment of related diseases for the 

administration at high doses, comprising the anti-IL-6R 
antibody or said pharmaceutical composition comprising 
5 high doses of the anti-IL-6R antibody, wherein the dosage 
of antr-IL-6R antibody is 4 mg/kg/4 weeks ox .more or the 
dosage showing an anti-IL-6R antibody concentration in 
blood equivalent thereto. 

2 0 « The pharmaceutical composition according to 
10 claim 19, wherein the dosage of anti-IL-6R antibody is 

from 6 to 16 mg/fcg/4 weeks or the dosage showing an anti- 
It- 6R antibody concentration in blood equivalent thereto. 

21. The pharmaceutical composition according to 
claim 20, wherein the dosage of anti-IL-6R antibody is 

15 from 6 to 10 mg/kg/4 weeks or the dosage showing an anti- 
XIj-6R antibody concentration in blood equivalent thereto. 

22. The pharmaceutical composition according to any 
one of claims 1 to 3 and claims 6 to 21 , wherein said 
immunosuppressant is methotrexate (MTX) , 

20 23. The pharmaceutical composition according to 

claim 22, wherein the dosage of said mtx is from l'to 100 
mg/body/week . 

24. The pharmaceutical composition according to 
claim 23, wherein the dosage of said MTX is from 4 to 50 

25 mg/body/week. 

25. The pharmaceutical composition according to 
claim 24, wherein the dosage of said MTX is f^rom 7,5 to 
25 mg/body/week. 

26. The pharmaceutical composition according to any 
3 0 one of claims 1 to 3 and claims 6 to 25, for 

simultaneously administering said anti-n*-6 antibody an d 
said immunosuppressant- 

27- The pharmaceutical composition according to any 
one of claims 1 to 3 and claims 6 to 25, for 
35 administering said anti-IL-6 antibody and said 
immunosuppressant with time interval. 
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28. The use of an interieukin-6 antagonist (IL-6 antagonist) and 
^unosuppressantsw^ 
related diseases. 



29. The use of an IL-6 antagonist and immunosuppressants in the preparation of a 
medicament for enhancing the therapeutic ; effec^of :M U^ antagonist on the 
treatment of IL-6 related diseases. 

30. The use of an IL-6 antagonist and immunosuppressants in the preparation of a 
medicament for the reduction or prevention of allergic reactions upon the treatment of 
IL-6 related diseases with an IL-6 antagonist. 

31. The use of an IL-6 antagonist in the preparation of a medicament for the 
treatment of IL-6 related diseases, wherein the antagonist is administered at high 
doses. 

32. The use of an IL-6 antagonist in the preparation of a medicament for the 
reduction or prevention of allergic reactions upon treatment of IL-6 related diseases, 
wherein the IL-6 antagonist is administered at high doses. 

33. The use according to any one of claims 28 to 32, wherein said IL-6 antagonist 
is an anti-interleukin-6 receptor antibody (IL-6R antibody). 

34. The use according to any one of claims 28 to 33, wherein said IL-6R antibody 
is a monoclonal antibody against IL-6R. 

35. The use according to any one of claims 28 to 34, wherein said anti-IL-6R 
antibody is a monoclonal antibody against human IL-6R. 

36. The use according to any one of claims 28 to 34, wherein said anti-IL-6R 
antibody is a monoclonal antibody against mouse IL-6R. 

37. The use according to any one of claims 28 to 36, wherein said anti-IL-6R 
antibody is a recombinant antibody. 
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38. The use according to claim 35/ wherein said 
human anti-lii-6R monoclonal antibody is PM-i antibody. 

39- The use according to claim 36, wherein said 
mo-use anti-XIi-6R monoclonal antibody is MR16-1 antibody . 
5 40- The use according to any one of claims 32 to 

39 , wherein said anti-iL-6R antibody is a chimera 
antibody, a humanized antibody or a human type antibody 
against IL-6R. 

41. The use according to claim 40 r wherein said 
10 humanised antibody against IL-6R is humanized PM-l 

antibody • 

42. The use according to any one of claims 21 to 
41, wherein said IL-6 related diseases are rheumatoid 
arthritis, plasmaeytosis, hyper immunoglobulinemia, 

15 anemia, nephritis , cachexia, multiple myeloma, 

cas-fcleman's disease, mesangial proliferative nephritis, 
systemic lupus erythematosus, Crohn's disease,, 
pancreatitis, psoriasis, juvenile idiopathic arthritis or 
systematic juvenile idiopathic arthritis. 

20 43. The use according to any one of claims 28 to 30 

and claims 33 to 42, which is said use for the production 
of the pharmaceutical composition comprising the 
immunosuppressant or the pharmaceutical composition 
comprising anti-lL-6 antibody and the immunosuppressant, 

25 wherein a dosage of anti-iL-6R antibody is from 0.02 to 
150 mg/kg/4 weeks or the dosage showing an anti-2X-6R 
antibody concentration in blood equivalent thereto. 

44. The use according to claim 43, wherein the 
dosage of anti-XL-6R antibody is from 0.5 to 30 mg/kg/4 

30 weeks or the dosage showing an anti-II»~6R antibody 
concentration in blood equivalent thereto. 

45. The use according to claim 44, wherein the 
dosage of anti-ii,~6R antibody is from 2 -to 8 mg/kg/4 
weeks or the dosage showing an anti-lL-6R antibody 

35 concentration in blood equivalent thereto. 
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anybody is 4mg/kg 4 weeks or more or the dosage showing an equivalent IL-6R 
antibody concentration in the blood. 

" A7 :::~™*™ to claim 46 > wherein the dosage of anti-IL-6R antibody i_s_ 
from 6 to 16 mg7kg/4 weeks or the dosage showing an antHL^R antibody 
concentration in blood equivalent thereto. 

48. The use according to claim 47, wherein the dosage of anti-IL-6R antibody is 
from 6 to 10 mg/kg/4 weeks or the dosage showing an anti-IL-6R antibody 
concentration in blood equivalent thereto. 

49. The use according to any one of claims 28 to 30 and claims 33 to 498, wherein 
said immunosuppressant is methotrexate (MTX). 

50. The pharmaceutical composition according to claim 49, wherein the dosage of 
said MTX is from 1 to 1 00 mg/body/week. 

51. The pharmaceutical composition according to claim 50, wherein the dosage of 
said MTX is from 4 to 50 mg/body/week. 

52. The pharmaceutical composition according to claim 51, wherein the dosage of 
said MTX is from 7.5 to 25 mg/body/week. 

53. The use according to any one of claims 28 to 30 and claims 34 to 52, for 
administering said anti-IL-6 antibody and said immunosuppressant. 

54. The use according to any one of claims 28 to 30 and claims 34 to 52, for 
administering said anti-IL-6 antibody and said immunosuppressant with time interval. 
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55. A method comprising administering: an IL-6 
antagonist and immunosuppressants to a patifent requiring 
such a treatment in the method for the treatment of IL-6 
related diseases, 

56- A method for the effect enhancement on the use 
of an IL-6 antagonist for the treatment of IL-6 related 
diseases r comprising administering immunosuppressants and 
an IL-6 antagonist to a patient requiring such a 
treatment - 

57- A method for the reduction or prevention* of 
allergic reactions upon the treatment of IL-6 related 
diseases with an IL-6 antagonist, comprising 
administering immunosuppressants and an IL-6 antagonist 
to a patient requiring such a treatment , 

58. A method comprising administering an XL-6 
antagonist anti-IL-6R antibody at a high dose to a 
patient: requiring such a treatment in the method for the 
treatment of IL-6 related diseases with a high dose 
administration of an IL-6- antagonist. 

59. A method for the reduction or prevention of 
allergic reaction upon the treatment of II*- 6 related 
diseases , comprising administering a high dose 
administration of an II,- 6 antagonist to a patient 
requiring such a treatment* 

60. The method according to any one of claims 55 to 
59, wherein said IL-6 antagonist is an anti-lL-6R 
antibody. 

61. The method according to any one of claims 55 to 
59, wherein said anti-XL-6R antibody is a monoclonal 
antibody against human IL-6R. 

62. The method according to any one of claims 55 to 
59, wherein said anti~IL-6R antibody is a monoclonal 
antibody against mouse XL-6R* 

63. The method according to any one of claims 55 to 
62 , wherein said anti-lL-6R antibody is a recombinant 
antibody. 

64. The method according to claim 61, wherein said 
human anti-XL-6R monoclonal antibody is'PM-l antibody. 

65. The method according to claim 62, wherein said 
mouse anti-XL-6R monoclonal antibody is MR16-1 antibody. 

66. The method according to any one of claims 59 to 



64, wherein said anti-lL-6R antibody is a chimera 
antibody, a humanised antibody, or a human type antibody 
against IL-6R. y 

67- The method according, to .claim 66, wherein said 
humanized-antibody- against TE^R" rr Wanieea- pa-1 

ant ■? Vi<-v/1w 



antibody 
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68. The method according to any one of claims 55 to 
, wherein said IL-6 related diseases are rheumatoid 

arthritis, plasiaacytosis , hyper immunoglobulinemia, 
anemia, nephritis, cachexia, multiple myeloma, 
castleman's disease, mesangial proliferative nephritis 
systemic lupus erythematosus, Crohn's disease 
pancreatitis, psoriasis, juvenile idiopathic arthritis 
or systematic juvenile idiopathic arthritis.- 

69. The method according to any one of claims 55 to 
57 and claims 60 to 68, which is Sai d method for the 
treatment wherein the immunosuppressant, or anti-ix^R 
antibody and the immunosuppressant are administered, 

STTV/f ° f aUti - XL - 6 * -"ibo* is from 0.02 to 

" 9 k9/4 Weeks « ^ showing an anti-xx^K 

antibody concentration in blood equivalent thereto 

* «, 1 - , The method wording to claim 69, wherein the 
dosage of anti-XL-6R antibody is fro m o. 5 to 30 mg/W 4 
weefcs or the dosage showing an anti-xi^R antibody 
concentration in blood equivalent thereto. 

^ aCCOrd ^ to claim 70, wherein the 

dosage of anti-XL-6R antibody is from 2 to e 

veefcs or the dosage showing an antl-XL-6R antibody 
concentration in blood equivalent thereto 

68 wnL T ""I 11 ° d aCCOrd ^ *»y one 'of claims 58 to 
68 vhxch xs saxd method for the treatment of IM 

comprising J^S^C^^If^^ 

alt^bodv " ° X ^ ****** - antLxL r 

antxbody concentration in blood equivalent thereto. 



- 47 - 



73. The method according to claim 72 , wherein the 
dosage of anti-lL-6R antibody is from 6 to 16'mg/kg/4 
weeks or the dosage showing an anti-IL-6R antibody 
concentration in blood equivalent thereto » 
5 74. The method according to claim 73, wherein the 

dosage of anti-IL-$R antibody is from 6 to 10 mg/kg/4 
weeks or the dosage showing an anti-II*-6R antibody 
concentration in blood equivalent thereto. 

75- The method according to any one of claims 55 to 
10 57 and claims' 60 to 74, wherein said immunosuppressant is 
methotrexate (MTX) - 

76, Ehe method according to claim 75 , wherein the 
dosage of said MTX is from 1 to 100 mg/body/week, 

77. The method according to claim 76 r wherein the 
IS dosage of said MTX is from 4 to 50 mg/body/week. 

79. The method according to claim 77 , 'wherein the 
dosage of said MTX is from 7.5 to 25 mg/body/week. 

79. The method according to any one of claims 55 to 
57 and claims 60 to 78 , for simultaneously administering 

20 said anti-Il-6R antibody and said immunosuppressant. 

80. The use according to any one of claims 55 to 57 
and claims 60 to 78 r for administering said anti~XL-6R 
antibody and said immunosuppressant with time interval. 
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METHODS FQH TITTUP I^PT^nv TM _. ^"SLATED nrCP.^e 



AB?yRACT Q£ THRJBiagiflSnBE 

A pharmaceutical composition for the treatment of 
xnterleukin-6 (IL-6, related diseases, comprising an 
xnterleukin-6 antagonist (Il-6 antagonist) and 
immunosuppressants. The antagonist is preferably an 

antibody to an interleukin-6 receptor (IL-6R) 
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